ABSTRACT Incorporation experiments with labeled sirohydrochlorin and trimethylisobacteriochlorin demonstrate that ring contraction in vivo to the corrin macrocycle of vitamin B12 liberates acetic acid. The C-20 atom of the precursors becomes the acetate carboxyl carbon.
B12 producer Propionibacterium shermanii was proved (3, 4) to have structure 11 in which, surprisingly, the third methyl group to be inserted is located at C-20 (Fig. 1) . The surprise stems from the fact that the carbon atom at C-20 of structure 11 has to be extruded at some stage during the demonstrated conversion of the trimethyl system (structure 11)* into cobyrinic acid (structure 13) by using cell-free enzyme preparations from P. shermanii (ref. 7 and refs. therein) or Clostridium tetanomorphum (1) . Double-labeling experiments further proved (4, 7) that the C-20 methyl group is also lost during the conversion of 11 to 13 and, hence, study of the nature of the extruded fragment is of considerable interest; the necessary experiments are outlined here.
There are, in principle, several approaches to this problem based on different known precursors of cobyrinic acid (structure 13). [20-14C, 2,7-methyl-3H]Sirohydrochlorin (structure 8), [20-14C, 2,7-methyl-'4C]sirohydrochlorin (structure 9), and [2,7,20- Incubation of the former precursor (structure 8) with a cobaltcontaining cell-free enzyme system (8) from P. shermanii (Table  1 , Exps. 1 and 2) yielded first the trimethylisobacteriochlorin (structure 10) in dihydro form,* followed by further biological transformation into cobyrinic acid (structure 13). From the incubation mixtures were isolated cobyrinic acid (structure 13) as its ester (structure 14), acetic and formic acids as their p-bromophenacyl esters, and acetaldehyde and formaldehyde as their dimedone derivatives. In each case, radioinactive carrier material was added to assist the isolation. The results in Table 1 (Exps. 1 and 2) demonstrate reproducible incorporation of sirohydrochlorin (structure 8)* into cobyrinic acid (structure 13) with formation of labeled acetic acid. The isolated formic acid (Exp. 2) and formaldehyde and acetaldehyde (Exps. 1 and 2) carried negligible activity (<2 X 10-3 equiv.), and this trace also appeared in the corresponding materials from the blank run (Exp. 3). This parallel blank also showed clearly that the production of acetic acid in Exps. 1 and 2 is an enzymic process.
These results were confirmed with triply 14C-labeled sirohydrochlorin (structure 9; Exp. 4), in which a remarkably high conversion of sirohydrochlorin (structure 9)* into cobyrinic acid (structure 13) was achieved. The acetic acid isolated from Exps. 1, 2, and 4 corresponded to 65-77% of the stoichiometric amount relative to the cobyrinic acid biosynthesized (Table 1) .
If this labeled acetic acid arises specifically from C-20 and its attached methyl group of a macrocycle lying on the pathway beyond the trimethyl system* (structure 10), then it should be labeled solely at the carboxyl group. This was proved by hydrolysis of the labeled p-bromophenacyl acetate (at constant specific activity) followed by Schmidt degradation of the resultant acetic acid (9); the methylamine, isolated as its phthaloyl derivative, was essentially radioinactive ( The experiments described above were then repeated using [2,7,20-methyl-'4C]trimethylisobacteriochlorin (structure 12), which has the complementary labeling; namely, C-20 is unlabeled but the C-20 methyl group carries 14C. Again, incorporation into cobyrinic acid (structure 13) was accompanied by formation of 59% of one equivalent of labeled acetic acid (Exp. 5, Table 1 ), which was not formed significantly in the absence of enzyme (blank, Exp. 6). Schmidt degradation of the acetic acid gave methylamine carring 99% of the 14C activity present in the p-bromophenacyl acetate (Exp. 5), so proving specific labeling of the acetate methyl group.
Thus, C-20 and its attached methyl group are extruded as acetic acid from a macrocycle lying beyond the trimethyl system (structure 11)* on the biosynthetic pathway to cobyrinic acid (structure 13) and the original C-20 becomes the acetate carboxyl carbon. This result contrasts with the earlier report (10) that C-20 is eliminated as formaldehyde.
The partial structures 15 and 16, which show rings A and D of possible late intermediates, are plausible ones from which the acetyl group could be lost; structure 15 or 16 could react as such or as a metal complex. There are excellent analogies for the second structure (16) in Eschenmoser's seminal work on synthetic model systems (11, 12) , which has also demonstrated ready and varied formation of corrins.
The accompanying paper from D. Arigoni's group (13) perfectly complements our findings on the biological system, and that from A. Eschenmoser's group (14) 'Isolated as p-bromophenacyl ester. The number of equivalents formed are calculated relative to 1.00 eqivalent for cobyrinic acid produced. d Derived from Schmidt degradation of acetic acid from the previous column and calculated relative to 100 for the acetic acid. 'The full set of cofactors (8) 
